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Abstract The prediction accuracy of a simulation method is limited by its theoretical background.
This fact can lead to disadvantages regarding the simulation quality when investigating systems
of high complexity, e.g. containing components showing a fairly diﬀerent behavior. To overcome
this limitation, co-simulation approaches are used more and more, combining the advantages of
diﬀerent simulation disciplines. That is why we propose a new strategy for the dynamic simulation
of cutting processes. The method couples Lagrangian particle methods, such as the smoothed
particle hydrodynamics (SPH) method, and multibody system (MBS) tools using co-simulations.
We demonstrate the capability of the new approach by providing simulation results of an orthogonal
cutting process and comparing them with experimental data. c© 2013 The Chinese Society of
Theoretical and Applied Mechanics. [doi:10.1063/2.1301305]
Keywords multibody dynamics, smoothed particle hydrodynamics, co-simulation, machining, con-
tact modeling
Machining is one of the most or even the most im-
portant process in the framework of industrial produc-
tion. When looking for an optimized process conﬁg-
uration, it is essential not only to have a look at the
basic procedure of cutting material, but to analyze its
behavior in the context of the entire system. Since a
single simulation tool, such as the multibody system
(MBS) method, is not capable of handling all the diﬀer-
ent aspects of a cutting process in a satisfying way, e.g.
the separation of a chip from the remaining workpiece,
new strategies for the dynamic simulation of machin-
ing processes have been proposed over the last decades.
One promising approach in this context is to perform a
co-simulation that couples MBS software with one to
simulate solid material, as for example the ﬁnite el-
ement method. Due to several drawbacks of the of-
ten used mesh-based methods, e.g. the need to remesh
the model when observing large deformations, we cou-
pled MBS software with Pasimodo,1 a program package
for particle-based simulation methods, instead. In this
framework, the meshless SPH method is available for
the simulation of the workpiece, being able to meet the
special requirements demanded by the simulation setup,
i.e. large deformations, high strain rates as well as ther-
mally induced changes in the material parameters of the
processed workpiece.
Up to now, the smoothed particle hydrodynamics
(SPH) method has been used to simulate machining
processes while just considering mechanical eﬀects re-
sulting from the interaction between tool and workpiece,
but not taking into account the thermal aspects of this
problem. Starting from this point, we extend our SPH
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formulation to be capable of modeling the process of
cutting metal in its entirety, i.e. in consideration of
both mechanical and thermal eﬀects as well as their
coupling eﬀects. Then, we couple the SPH simulation
environment with both Simpack,2 a commercial MBS
simulation software, as well as Neweul-M2,3 an MBS
tool developed at our institute. The co-simulation in-
terface is designed in a ﬂexible and robust way that
enables coupled simulations between Pasimodo and any
other MBS simulation software providing a TCP/IP in-
terface. We test the coupled simulation approach on
the basis of an orthogonal cutting process and compare
the simulation results with the ones obtained from ex-
periments.
Our strategy to model the behavior of a cutting
process in a realistic way follows a co-simulation ap-
proach coupling MBS with SPH software. Before bring-
ing together these two completely diﬀerent simulation
techniques, the basic theoretical bases of both methods
should be brieﬂy discussed.
Following the classical MBS approach presented in
Refs. 4 and 5, the equations of motion for a holonomic
MBS can be found using Newton–Euler equations and
applying D’Alembert’s principle. When the mechan-
ical system consists of p rigid bodies assembled by q
holonomic constraints, one receives f = 6p − q degrees
of freedom (DOF) for the coupled system and, thus,
6p−q equations of motion that describe the behavior of
the MBS. With vector y representing the f generalized
coordinates, one ﬁnds
M(y, t) · y¨(t) + k(y, y˙, t) = q(y, y˙, t), (1)
where M denotes the positive deﬁnite mass matrix, k
is the vector of generalized Coriolis, centrifugal and gy-
roscopic forces and torques and q is the vector of gener-
alized applied forces and torques, all of them depending
on the generalized coordinates y and time t.
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Originally developed for the purpose of investi-
gating astrophysical phenomena,6 the meshfree SPH
method experienced the necessary modiﬁcations to be
also applicable to ﬂuid simulations and, thus, became
a practicable method in engineering only a short time
after its introduction. Furthermore, SPH has proven its
ability to reproduce physical eﬀects including solid ma-
terial in a correct manner over the last two decades.7
In case of solids, the behavior of the observed contin-
uum can be described considering the Euler equations
consisting of the acceleration equation
dv
dt
=
1
ρ
∇ · σ + g (2)
and the continuity equation
dρ
dt
= −ρ∇ · v, (3)
where v represents the velocity vector, ρ is the density,
σ is the stress tensor and g is the vector of volume forces
per unit mass.
SPH, as a spatial discretization method, replaces
the considered continuum domain with a set of par-
ticles that can be interpreted as interpolation points.
At these points, the underlying equations of continuum
mechanics are evaluated. In doing so, the initial set of
partial diﬀerential equations in time and space is trans-
formed into one containing only ordinary diﬀerential
equations in time, which can be solved with common
integrator schemes. When applying the SPH discretiza-
tion method, the acceleration equation can be written
as
dvi
dt
=
∑
j
mj
(
σi
ρ2i
+
σj
ρ2j
)
·∇iW (ri−rj , h)+|g|, (4)
and the continuity equation, in a similar manner, as
dρi
dt
=
∑
j
mj (vi − vj) · ∇iW (ri − rj , h), (5)
where vi and vj denote the velocities, mj is the mass,
σi and σj are the stresses, ρj is the density, rj is the
position of the neighbor particle j and W (ri − rj , h) is
a kernel function that satisﬁes the two conditions∫
W (ri − rj , h) drj = 1, (6)
lim
h→0
∫
f (rj)W (ri − rj , h) drj = f(ri) . (7)
The expanse of the support domain and, therefore, the
number of neighboring particles involved in the smooth-
ing process of particle i is determined by the so-called
smoothing length h. In many cases, a Gaussian distri-
bution is chosen as kernel function, cutting oﬀ the sup-
port radius at a distance of 2h, i.e. only the particles
that are located within this section of the kernel func-
tion of particle i are taken into account when evaluating
Eqs. (4) and (5).
In addition to the already mentioned Euler equa-
tions, another equation specifying the relation between
stress tensor σ and the remaining state variables, which
is often called material state equation and can be writ-
ten as
σ = −pE︸ ︷︷ ︸
hydrostatic part
+ S︸︷︷︸
deviatoric part
, (8)
is required. In Eq. (8), p denotes the hydrodynamic
pressure, E is the identity matrix and S is the devia-
toric part of the stress tensor. The hydrodynamic pres-
sure can be calculated using the Mie-Gru¨neisen state
equation8
p = c2s (ρ− ρ0) , (9)
where p is a function of sound velocity cs and initial
material density ρ0. When assuming an ideally elastic
behavior of the solid material, the rate of change of the
deviatoric stress tensor S can be expressed as
dS
dt
= 2G
(
ε˙− 1
3
tr (ε˙)E
)
+S ·ΩT +Ω ·S . (10)
In Eq. (10), G represents the shear modulus of the
considered material, ε˙ represents the strain rate tensor
given by
ε˙ =
1
2
[
∇v + (∇v)T
]
, (11)
and Ω is the rotation rate tensor deﬁned through
Ω =
1
2
[
∇v − (∇v)T
]
. (12)
The introduced SPH material model can be extended
to plastic behavior based on the von Mises equivalent
stress σvM. With the von Mises stress and the yield
strength σy, a plastic character of the material is iden-
tiﬁed in the case that the von Mises yield criterion
fpl =
σy
σvM
> 1 (13)
is met. If fpl has a value greater than 1, the elasti-
cally calculated deviatoric stress tensor Sel is corrected
according to the relation
Spl = fpl Sel, (14)
which means that the von Mises yield surface around
the hydrostatic axis is reduced analogously.
Machining processes are characterized by large de-
formations of the processed material, high velocities of
the cutting tools as well as changes in the temperature
of both the machined workpieces and the tools induced
by dissipative processes such as plastic deformation and
friction. Against this background, the method used to
simulate cutting processes has to be able to handle the
aforementioned mechanisms in a correct way. In order
to improve the quality of our cutting model and, thus,
the signiﬁcance of the obtained simulation results, the
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Fig. 1. Stress–strain curves obtained from a tensile test
using diﬀerent plasticity models.
basic SPH formulation for solid bodies is extended with
regard to the characteristics of machining processes,
which will be explained brieﬂy next. Besides, the in-
terface introduced for the coupling of MBS and SPH
software is illustrated afterwards.
One of the most common, but at the same time
quite simple experimental setup used to characterize the
behavior of real solid matter is the tensile test. Within
this framework, the experimentally determined stress–
strain curves can be used for a comparison with the sim-
ulated ones employing diﬀerent plasticity models that
specify the relationship between stress and strain within
the plastic region for the simulated material. When
simulating a tensile specimen with the SPH method us-
ing the elastic-perfectly plastic (PP) ﬂow model deﬁned
through Eq. (13), it is possible to imitate the behavior
of the real material only to a certain degree. As shown
in Fig. 1, the stress–strain curve of the SPH specimen
shows the expected linear relationship between stress
and strain within the elastic region. At this region, the
stress–strain relation follows Hooke’s law and, thus, its
slope corresponds to the preset value of Young’s mod-
ulus. In addition, the transition from elastic to plastic
behavior for the simulated specimen is initiated pre-
cisely when the experimentally obtained yield stress is
reached. On top of that, also the phenomenon of lateral
contraction is correctly reproduced by the SPH contin-
uum on both a qualitative and a quantitative level, as
shown in Fig. 2. As expected from a theoretical point of
view, the SPH model shows the same extent of lateral
contraction all over the measuring range (black, dashed
lines) within the elastic region and meets the speciﬁed
value of the Poisson’s ratio. When the highest point
of the stress–strain curve in case of the perfectly plas-
tic model, the yield strength σy, has been passed, the
necking eﬀect concentrates on one single cross section
until, ﬁnally, rupture occurs.
The elastic-perfectly plastic ﬂow model in its initial
formulation is not able to reproduce the hardening eﬀect
that can be observed when looking at the stress–strain
curve of the experimental specimen. Since the material
used for cutting processes experiences large deforma-
tions, the plasticity model has to be modiﬁed in such
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Fig. 2. Surface shape of the simulated tensile specimen for
diﬀerent material states.
a way that the mentioned shortcoming is compensated.
To achieve a satisfactory matching of the plastic behav-
ior of real matter in the simulation, the perfectly plastic
model is, at ﬁrst, extended to an incremental formula-
tion of the piecewise linear (PL) relation between von
Mises equivalent stress and corresponding strain given
by
σ = Eεy + kE (ε− εy) , (15)
where E denotes Young’s modulus and k is a param-
eter transferring the slope of the initial, ideally elastic
stress–strain relation into the one used for plastic be-
havior. As can be seen in Fig. 1, the consistency be-
tween the experimental and the simulated curve when
using the PL model for the plastic region is better than
the one obtained for the perfectly plastic model, but
still quite bad. The better relationship, especially use-
ful for materials with smooth elastic-plastic transition,
like the one used for the presented investigations, is the
Ramberg-Osgood (RO) relationship9
ε =
σ
E
+ α
σy
E
(
σ
σy
)n
. (16)
The two constants α and n have to be speciﬁed in ac-
cordance to the considered material. Using the RO re-
lationship, it is possible to reproduce the experimental
stress–strain curve very well as shown in Fig. 1.
Another plasticity model showing a high potential
to achieve a level of agreement between the experimen-
tal and the simulated results comparable to the one
reached with the RO formulation is the purely empiri-
cal Johnson-Cook (JC) ﬂow stress model. In addition
to the RO relationship, the JC model also takes the
consisting interdependencies between the stress–strain
behavior and the material temperature as well as the
strain rate into account,10 which are very important as-
pects in the context of cutting simulations. The JC
plasticity model follows the equation
σ =
(
A+Bεnpl
) [
1 + C ln
(
ε˙∗pl
)]
(1− T ∗m) , (17)
where εpl represents the equivalent plastic strain, ε˙pl is
the equivalent plastic strain rate and A, B, C, n and
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Fig. 3. Hysteresis loops simulated using the PL plasticity
model and diﬀerent hardening paramters k.
m are material dependent constants. Furthermore, the
normalized equivalent plastic strain rate and tempera-
ture used in Eq. (17) are deﬁned as
ε˙∗pl =
ε˙pl
ε˙pl,0
, T ∗ =
T − Tambient
Tmelt − Tambient , (18)
where ε˙pl,0 is the reference equivalent plastic strain rate,
Tambient and Tmelt are the ambient temperature and
the melting temperature, respectively. For all imple-
mented constitutive models the so-called Bauschinger
eﬀect, which describes the phenomenon of a direction-
dependent modiﬁcation of the yield strength after pre-
vious plastic deformation, and the related adaptations
regarding the model formulation are taken into consid-
eration. This can be seen when analyzing the curves
given in Fig. 3, showing the hysteresis cycles obtained
with the PL model while varying the hardening param-
eter k. Here, the initial yield strength σy is shifted ac-
cording to the loading history of the tensile specimen.
Within solid bodies heat is conducted following the
mechanism of heat conduction. Generally speaking, the
term heat conduction describes the process of energy
transport caused by diﬀerences in temperature on a
molecular level. The basic principle used to reproduce
this mechanism in a simulation is Fourier’s law. It re-
produces the ﬂux of thermal energy within the consid-
ered temperature ﬁeld over time and, thereby, allows
to determine the temperature and thermal energy at a
speciﬁc point of the ﬁeld at time t used as additional
state variables in the context of a simulation. Due to
the fact that SPH is an universal spatial discretization
method transforming partial diﬀerential equations into
ordinary ones, it is not limited to the discretization of
the continuum Eqs. (2) and (3), but also applicable to
the basic equation of heat conduction as shown in the
following.
In order to describe the heat ﬂux phenomena within
an isotropic, homogenous solid taking into account the
existence of heat sources and sinks, Fourier’s law in dif-
ferential form for Cartesian coordinates can be written
as
ρcp
dT
dt
= ∇ (λ∇T ) +
∑
k
Qkδ (r −Rk) , (19)
where cp is the heat capacity per unit mass at constant
pressure, λ is the coeﬃcient of thermal conductivity, Qk
is the strength of source or sink k, Rk is its position and
δ is the Dirac delta function. The corresponding SPH
equation becomes11
cp,i
dTi
dt
=
∑
j
mj
ρiρj
4λiλj
λi + λj
(Ti − Tj) ·
∇iW (ri − rj , h)
ri − rj +
1
ρi
∑
k
QkζkW (ri −Rk, h) , (20)
where the delta function has been replaced by the
smoothing kernel W , a normalizing factor ζk for source
or sink k is introduced with
1
ζk
=
∑
j
mj
ρj
W (rj −Rk, h) (21)
and the ﬁnite diﬀerence method has been used to im-
prove the model quality.
Boundaries and non-spherical objects in Pasimodo
are represented by triangular surface meshes. To pre-
vent particles from passing through a mesh geometry, a
penalty approach is used. According to this, a penalty
force is evaluated and applied for each pair of particle
and triangle. The number of possible penalty functions
is large and diversiﬁed, but we settle on one from Ref. 11
that is similar to a Lennard-Jones potential but does not
tend to inﬁnity as the distance between the particle and
the triangle goes to zero and is deﬁned through
F (d) =
⎧⎪⎪⎨
⎪⎪⎩
ψ[(R− d)4 − (R− s)2(R− d)2]
R2s(2R− s) ,
if d  R,
0, otherwise,
(22)
where dmarks the distance between the particle and the
triangle and R is the maximum distance up to which a
contact occurs. The resulting force is applied in direc-
tion of the triangle normal and changes from repulsion
to attraction at distance s, while the scalar ψ deter-
mines the strength of the force in a way that ψ is its
maximum absolute value and therefore F (0) = ψ. Fur-
thermore, the contact model contains a possibility for
damping and viscosity based on the diﬀerence in veloc-
ity.
Our co-simulation approach splits the simulation of
machining processes into two separate but, at the same
time, linked simulations, a particle simulation to calcu-
late the forces and torques acting on the tool geometry
resulting from the interaction with the particle model
of the workpiece and an MBS simulation that describes
the behavior of the cutting machine taking into account
the particle forces provided by the particle simulator.
For this purpose, the co-simulation routine delegates
the simulation of the component models to the two spe-
cialized programs. Within this framework, the MBS
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software needs to know the particle forces on the tool in
order to assess their inﬂuence on the cutting machine’s
dynamics. On the other hand, the particle simulator
requires the recent tool states to be able to calculate
the resulting particle forces. Therefore, an exchange of
the force and torque wrenches calculated by Pasimodo
and, in addition, the new tool position provided by the
MBS software, i.e. in the context of the presented stud-
ies, Simpack or Neweul-M2, is necessary. Following this
idea, a linkage between the two MBS and SPH is estab-
lished that way.
Both Simpack and Neweul-M2 provide co-simu-
lation interfaces that allow for data exchange using
Matlab/Simulink. To couple Pasimodo with Mat-
lab/Simulink, advantage of Pasimodo’s plugin interface
can be taken, which enables users to implement their
own custom subroutines in C++. These subroutines can
be used, for example, to dynamically modify particle co-
ordinate system states or reposition geometries during
a simulation, as done by the written particle-MBS co-
simulation plugin regarding the tool’s surface geometry,
which is placed according to the state variables of the
MBS model transferred by Simulink. As Pasimodo em-
ploys quaternions for the description of rotations, the
Cardan angles that have been computed by Simpack
or Neweul-M2, respectively, need to be transformed to
quaternions by the plugin interface in order to be able
to position the tool’s surface geometry within the par-
ticle simulation. Then, the plugin sends the resulting
contact forces and torques back to the MBS simulation
tool.
The bidirectional data exchange is carried out via
a TCP/IP interface both between Simulink and Pasi-
modo and, when using Simpack on the MBS software
side, in the same way between Simulink and Simpack.
Figure 4 depicts the cutting process co-simulation with
a ﬁxed time interval for data exchange. However, as
the particle dynamics usually has a much smaller time
scale than the dynamics of the MBS cutting system, a
smaller time step size is used for the time integration of
the workpiece, i.e. the particle system, in Pasimodo. To
guarantee a continuous simulation, the position of the
tool within the particle simulation is extrapolated from
the already received tool states. Due to the fact that the
particle forces are calculated exclusively by the particle
simulator, no representation of the workpiece geometry
is required in the MBS. The particle simulator, on the
other hand, only considers the constrained motion of
the cutting tool whose state variables are integrated as
part of the MBS. Thus, in Pasimodo no representation
of the remaining MBS except the geometry of the tool is
required. The geometrical description of the tool serves
for the contact detection between the particles and the
cutting tool supplied as a triangular surface mesh. A
moving mesh in Pasimodo is always deﬁned relative to
a moving coordinate system that lies in the center of
gravity of the rigid body it represents. The coordi-
nate system then accumulates the resulting forces and
torques from contacts with particles and uses them to
update its position and the position of the mesh. Thus,
Table 1. Material properties for C45E.
Parameter Value
Density ρ/(kg ·m−3) 7 700
Young’s modulus E/(GN ·m−2) 210
Poisson’s ratio ν 0.3
Yield strength σy/(MN ·m−2) 711
to represent the moving geometry of an MBS body, it is
suﬃcient to compute or assign the motion of the body’s
associated coordinate system.
The practicability of the presented co-simulation
approach has already been proven in the context of cou-
pled ﬂuid simulations as well as simulations of granu-
lar media, investigating the inﬂuences on the driving
characteristics and the stability of a transport vehicle
resulting from its cargo’s behavior.12 The fact that co-
simulation models based on the introduced Pasimodo-
Simpack/Neweul-M2 plugin are also applicable to the
simulation of cutting processes leading to results sim-
ilar to the ones obtained from experiments should be
demonstrated in the following passage.
To illustrate the applicability of the presented co-
simulation approach to model the process of cutting
metal, an orthogonal cutting example is considered.
The orthogonal cutting setup represents an elementary
cutting process where the motion of the tool is per-
pendicular to the cutting edge. When assuming a suﬃ-
ciently large width of cut compared to the chosen depth
of cut, a two-dimensional state of stress can be assumed
in the workpiece and it becomes a planar problem. On
account of the two-dimensional state of stress, two force
components acting on the tool can be identiﬁed. Com-
monly, they are called cutting force, which acts in the
feed direction, and passive force, acting perpendicular
to the feed direction.
As part of the evaluation process of the co-simula-
tion plugin, a model of the experimental cutting spec-
imen is created in Pasimodo using a regular lattice
with quadratic cells for the arrangement of the SPH
particles and a smoothing length of the particles of
h = 5 × 10−4 m. To prevent the workpiece model
from following an unconstrained translational motion,
ﬁve additional rows of SPH particles that are ﬁxed in
space are attached to the bottom of the specimen. The
material used for the experimental investigations and,
thus, also for the simulations is C45E, which is chosen
because of its wide application in mechanical engineer-
ing. The corresponding material parameters are given
in Table 1.
Besides the workpiece material, the geometry of the
cutting tool can have signiﬁcant inﬂuence on the behav-
ior of the cutting system and, therefore, the obtained re-
sults. Due to manufacturing reasons, the cutting edge
of a real tool reveals deviations in its geometry from an
ideal wedge shape. As a consequence, not a tool with
an ideal geometry, i.e. a wedge shape, but a more so-
phisticated one taking into account the imperfections
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Table 2. Speciﬁc parameter values used for the cutting tool
geometry.
Parameter Value
α 8◦
γ 4◦
ω 1× 10−4 m
ar 5× 10−5 m
br 5× 10−5 m
resulting from limitations of the manufacturing process
is used in the coupled simulation. One tool model that
promises a suﬃcient imitation of the behavior of a real
tool is introduced in Ref. 13. Figure 5 depicts the geom-
etry of the enhanced model on a general level, whereas
the speciﬁc parameter values recommended when im-
itating a slightly used tool can be found in Table 2.
For the calculation of the particle forces resulting from
the interaction with the cutting tool the penalty ap-
proach presented is deployed. The behavior of the cut-
ting model that can be observed when using the pre-
sented co-simulation plugin is discussed hereinafter.
During the period when the process of cutting ma-
terial takes place, the distribution of von Mises stress
shown in Fig. 6, with red meaning high stress and blue
indicating a low level of von Mises equivalent stress, can
be found. As can be clearly seen, the highest level of
stress appears next to the tip of the tool where the sep-
aration of material happens. This zone showing a high
Fig. 6. Distribution of von Mises stress obtained for the
orthogonal cutting model.
magnitude of stress is surrounded by a zone of mid-level
stress color coded in yellow and green. Both the particle
layers located at some distance from the tool tip as well
as the parts of the material that form the chip show low
values of von Mises stress indicated by the blue color of
the SPH particles. In similarity to the experimental
results, a continuous chip is separated from the remain-
ing workpiece material in the cutting simulation. In this
context, it is important to remember that the particles
shown in Fig. 6 only illustrate the interpolation points
where the equations of the underlying model are eval-
uated and not the domain of material represented by
them.
In order to assess the co-simulation model with re-
gard to its applicability to model cutting processes, an
experimental reference is used. For this, the experiment
carried out is evaluated on a qualitative scale, i.e. the
basic shape of the curve of cutting force is analyzed, as
well as on a quantitative scale, comparing the speciﬁc
values of the force acting for a depth of cut of 10−3m
with the simulated ones. When examining the results
given in Fig. 7, the cutting force obtained from the ex-
perimental setup shows a steep increase once the tool
hits the workpiece until a steady state is reached. The
simulated curve is characterized by a steep rise too, fol-
lowed by an overshoot and an oscillation about a steady
state at about the same level observed in case of the ex-
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Fig. 7. Comparison of experimental and simulated cutting
force.
perimental results, but showing a slightly wider range
of variation in the cutting force. Except the transition
area between the steep increase just after the impact
has happened and the steady state, the results of the
coupled cutting simulation are in good agreement with
the behavior identiﬁed for the experimental specimen.
In addition to the cutting force depicted in Fig. 7, one
can ﬁnd such high quality of reproduction also for the
passive force acting perpendicular to it.
Starting from the theoretical background of the in-
dividual simulation techniques, an approach for the cou-
pled simulation of machining processes using MBS soft-
ware, to simulate the dynamics of the cutting machine,
and the SPH particle method, to describe the behavior
of the processed workpiece and the interaction between
workpiece and cutting tool, has been presented. In or-
der to model the process of metal cutting in a more
realistic way, the employed SPH formulation for solid
bodies has been extended with respect to both mechan-
ical and thermal eﬀects as well as their coupling eﬀects.
For this purpose, we have introduced enhanced variants
of plasticity models and implemented the equations re-
quired to reproduce the physical eﬀect of heat conduc-
tion induced by dissipative mechanisms to account for
the main characteristics of machining processes, such as
large elastic-plastic deformations, high strain rates and
variations in temperature.
In a second step, a TCP/IP based data exchange
routine allowing to couple the two separate simulators
Pasimodo and Simpack, respectively, Neweul-M2 has
been created. In this framework, Matlab/Simulink acts
as a chtermediator on an interface level providing the
two specialized programs with the necessary data sets,
i.e. the particle forces acting on the tool geometry and,
in the opposite direction, the recent states of the cut-
ting tool. In addition to the more organited part of
the coupling formulation, Matlab/Simulink converts the
transferred parameters into the form requested by the
simulation partner.
Using the co-simulation approach for the simulation
of an orthogonal cutting process, the obtained results
show that the presented MBS-SPH coupling formula-
tion is able to reproduce the behavior of a real machin-
ing process. So, the forming of a continuous chip can
be observed also in case of the cutting simulation and,
furthermore, the highest level of stress exists right at
the tip of the tool model where the material separation
happens. Besides, the results of the coupled cutting
simulation are in good agreement with the ones of the
experimental specimen when comparing the experimen-
tal curve of the cutting force with the simulated values
using engineering steel C45E as workpiece material. Fu-
ture investigations could lay the focus on vibration be-
havior of the overall cutting system, temperature dis-
tribution within the workpiece and comparisons on the
cutting force when applying diﬀerent depths of cut.
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